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A phylogeographic study of two species of Carpinus , C. japonica Blume and C. tschonoskii Maxim. 
(Betulaceae), based on the distribution patterns of their chloroplast DNA haplotypes, is reported. In Ja¬ 
pan, these species are mainly distributed in Pacific-type deciduous broad-leaved forests. Using 439-440 
and 627-629 bp nucleotide sequences of noncoding regions of chloroplast DNA, we detected 5 and 6 
haplotypes among 217 and 181 individuals sampled from 52 and 49 populations of C. japonica and C. 
tschonoskii, respectively. The geographic distribution patterns of the haplotypes were highly structured. 
We investigated the common phylogeographic patterns between the two species that would indicate the 
influence of common historical factors such as climate change since the last glacial maximum (LGM). 
Based on our results, we concluded that the Pacific-type Japanese deciduous broad-leaved forests were 
split into at least three refugia during the LGM. After the LGM, the species expanded to northern areas 
or moved to higher altitudes from each refugium, thus now occupying northeastern, central, and south¬ 
western Japan. 
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Repeated severe climatic changes during the 
Quaternary period produced great changes in 
species distributions (Hewitt 2000, 2004). Dur¬ 
ing the last glacial maximum (LGM) around 
18,000-23,000 years ago, the mean annual tem¬ 
perature was 5—9°C cooler and the precipitation 
was much less in comparison with the climate in 
Japan at present (Tsukada 1988). The historical 
changes in vegetation in Japan since the LGM 
have been studied in detail over the last few de¬ 
cades (Tsukada 1988, Yasuda & Miyoshi 1998, 
Takahara et al. 2000). In response to climatic 
change, temperate plant species in Japan have 


generally migrated along the Pacific Ocean side, 
Sea of Japan side, or along mountain slopes of the 
archipelago, i.e., migrating either southward 
along the coasts or to lower altitudes into refugia 
during glacial periods and expanding either 
northward or to higher altitudes during intergla¬ 
cial periods (Tsukada 1988). The temperate zone 
in Japan is now dominated by deciduous broad¬ 
leaved tree species, primarily Fagus crenata and 
Quercus crispula. Deciduous broad-leaved for¬ 
ests in northeastern Japan occur from sea level to 
an altitude of more than 1000 m. In contrast, 
those in southwestern Japan are often isolated 
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from each other in small patches at elevations 
over 700 m. In addition, the Japanese deciduous 
broad-leaved forests can be divided into two 
types, the Pacific-type and the Sea of Japan-type, 
on the basis of ordination by both factor and prin¬ 
cipal component analyses using the frequency of 
tree species in each type of forests (Fujita 1987). 
The Sea of Japan side of this archipelago is char¬ 
acterized by heavy snowfall in winter while the 
Pacific Ocean side has a milder and drier climate 
in winter. The component species of each forest 
type are considered to have adapted to their dif¬ 
ferent environments (Fujita 1987). The migration 
histories of the component species of these two 
types of forest after the LGM might also be dif¬ 
ferent, but the colonization history of species of 
trees in the two forest types has not been well in¬ 
vestigated. Although fossil pollen was utilized to 
determine the constituent genera, e.g., Carpinus 
or Fagus (Tsukada 1988, Yasuda & Miyoshi 
1998), it is often difficult to identify species based 
only on the morphological characteristics of pol¬ 
len. 

Recent molecular phylogeographic studies 
have revealed the genetic structure of extant pop¬ 
ulations of organisms, and also provided insight 
into the history of species distribution changes 
(Avise 2000). In general, the response of species 
to climatic oscillations is considered a highly dy¬ 
namic process, consisting of repeated retreats 
into refugia during the glacial period and inter¬ 
glacial range expansions from the refugia. Be¬ 
cause chloroplast DNA (cpDNA) is predominant¬ 
ly maternally inherited in angiosperms (Cor- 
riveau & Coleman 1988) without any recombina¬ 
tion, the maternal lineage can be traced at the lev¬ 
el of whole chloroplast genome. Thus, cpDNA is 
extremely useful for determining the route of 
seed migration and identifying locations of im¬ 
portant refugia during the LGM (McCauly 1995, 
Newton et al. 1999, Abbott et al. 2000, Heuertz et 
al. 2004). Over the past decade, the geographic 
distribution of intraspecific cpDNA variation has 
been examined for various species of Japanese 
deciduous trees, including Fagus crenata (Fujii 
et al. 2002, Okaura & Flarada 2002), Stachyurus 
praecox (Ohi et al. 2003), Quercus crispula and 
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related species (Okaura et al. 2007), to elucidate 
the history of postglacial recolonization. Those 
species are widely distributed in Japanese decid¬ 
uous broad-leaved forests, but are not major com¬ 
ponents of Pacific type forests. No phylogeo¬ 
graphic studies using intraspecific cpDNA varia¬ 
tion have been conducted for major component 
species of the Pacific-type forests. Fagus japoni- 
ca , which is distributed mainly in Pacific-type 
forests, is one of the rare examples whose intra¬ 
specific genetic structure has been investigated, 
although it was not analyzed using cpDNA varia¬ 
tion but by using 13 nuclear microsatellite mark¬ 
ers (Hiraoka & Tomaru 2009). It has been report¬ 
ed that F. japonica can be divided into three ge¬ 
netic populations based on their occurrence in 
northeastern, central, and southwestern Japan. 
Phylogeographic studies on the major compo¬ 
nents of the Pacifi c type forests are, however, still 
insufficient. To elucidate the colonization history 
of Pacific-type forests in Japan, there is a need to 
compare the intraspecific genetic structure of dif¬ 
ferent component species of those forests, and to 
identify common phylogeographic patterns. 

In this study, we investigated intraspecific cp¬ 
DNA variation in Carpinus japonica Blume and 
C. tschonoskii Maxim., in which a relatively large 
amount of intraspecific cpDNA variation was ob¬ 
served (Iwasaki et al. 2006), to elucidate com¬ 
mon phylogeographic patterns. The two species 
grow together and are co-distributed in the Japa¬ 
nese deciduous broad-leaved forests from Ky¬ 
ushu to the southern Tohoku region. We also dis¬ 
cuss the colonization history of Pacific-type for¬ 
ests based on their common phylogeographic pat¬ 
terns. Species of Carpinus (Betulaceae) are major 
components of Pacific-type Japanese temperate 
deciduous forests (Fujita 1987, Nozaki & Okuto- 
mi 1990). They have wind-pollinated flowers and 
relatively small wind-dispersed seeds. While C. 
japonica is endemic to Japan, C. tschonoskii also 
occurs in Korea and China (Ohba 2006). They are 
common in forests on the Pacific Ocean side, but 
rare in forests on the Sea of Japan side of Japan 
(Fujita 1987). Three additional species of Carpi¬ 
nus, C. cordata Blume, C. laxiflora (Siebold & 
Zucc.) Blume, and C. turczaninovii Fiance, are in 
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Japan. Two, C. cordata and C. laxiflora , some¬ 
times co-occur with C. japonica and C. tschono- 
skii. Introgression of cpDN A from related species 
was reported in various plant taxa (Rieseberg & 
Soltis 1991, Belahbib et al. 2001). Such introgres¬ 
sion has the potential to confound intraspecific 
phylogenies (Rieseberg & Soltis 1991) and to 
complicate geographic patterns of intraspecific 
variation (Belahbib et al. 2001). We therefore also 
examined the possibility of cytoplasmic exchange 
among C. japonica, C. tschonoskii, C. cordata, 
and C. laxiflora. 

Our specific goals were to investigate the lev¬ 
els and distribution of intraspecific cpDNA varia¬ 
tion and phylogeographic patterns in the two spe¬ 
cies of Carpinus and to discuss the migration his¬ 
tory of Pacific-type forests after the LGM. 

Materials and Methods 

Plant materials 

Two hundred and seventeen individuals of 
Carpinus japonica from 52 populations, consist¬ 
ing of 1—15 individuals per population, and 181 
individuals of C. tschonoskii from 49 popula¬ 
tions, consisting of 1-11 individuals per popula¬ 
tion were collected to cover their entire range in 
Japan. To determine the possibility of cytoplas¬ 
mic exchange among the species of Carpinus, 
material from one individual was collected for 
both C. cordata and C. laxiflora. Leaves were 
collected and dried in silica gel. Continental 
Asian populations of C. tschonoskii may influ¬ 
ence the phylogeographic pattern of Japanese 
populations, but we were unable to obtain speci¬ 
mens from Korea and China for this study. 
Voucher specimens were collected for each site 
and are preserved in the Makino Herbarium 
(MAK) of Tokyo Metropolitan University. Geo¬ 
graphic and voucher information for the plant 
samples are shown in Appendix 1. Geographic 
information for the regions of Japan is shown in 
Fig. 1. 

DNA extraction, polymerase chain reaction 
(PCR) amplification, and nucleotide sequencing 

Prior to genomic DNA extraction, the leaf tis¬ 


sue was washed with 2-[4-(2-hydroxyethyl)-l- 
piperazininyl] ethane sulfonic acid (HEPES) buf¬ 
fer (pH 8.0) (Setoguchi & Ohba 1995) to remove 
polysaccharides. Genomic DNAs were extracted 
from the washed leaf pellets by the cetyltri- 
methylammonium bromide (CTAB) method 
(Doyle & Doyle 1987) with slight modification. 
As a preliminary screening, we analyzed six non¬ 
coding regions of cpDNA for each species; the 
rpsl6 intron, trnG (UCC) intron, rpll6 intron, 
trnW (CCA )-trnP (UGG) intergenic region 
(Nishizawa & Watano 2000), trnL (UAA) 3' 
exon —trnF (GAA) intergenic region (Taberlet et 
al. 1991), and trnH (GUG )—psbA intergenic re¬ 
gion (Hamilton 1999). In consideration of the 
amount of intraspecific sequence variation, we 
selected two regions for each species (data not 
shown). We used trnL (UAA) 3'exon -trnF (GAA) 
and trnW (CCA )-trnP (UGG) intergenic regions 
for the analysis of Carpinus japonica, and trnG 
(UCC) and rpll6 introns for the analysis of C. 
tschonoskii. The PCR mixture (25 juL) consisted 
of 0.63 units of Blend Taq polymerase (Toyobo, 
Osaka, Japan), 2.5 uL of 10% Blend Taq Buffer 



Fig. 1 . Location of Japanese archipelago and regions in Ja¬ 
pan. 
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(25 mmol/L TAPS [pH 9.3], 50 mmol/L KC1, and 
10 mmol/L MgCl 2 ), 2 pL of 2 mmol/L dNTP so¬ 
lution, 1.25 juL of 10 pmol/L of each primer, and 
10-30 ng of genomic DNAs. The PCR cycle con¬ 
ditions were 94°C (2 min); then 35 cycles of 94°C 
(30 s), 54°C (30 s), 72°C (1 min), and finally 72°C 
(7 min). After confirming PCR amplification on 
an agarose gel, the amplified products were treat¬ 
ed with ExoSAP-IT reagent (Amersham Biosci¬ 
ences, Tokyo, Japan) to remove excess primers 
and dNTPs. Purified DNA fragments were used 
as a template for sequencing reactions using the 
ABI PRISM Big Dye Terminator Cycle Sequenc¬ 
ing Kit (Applied Biosystems, Foster City, CA, 
USA) with the same primers used for PCR ampli¬ 
fication. The resultant mixture was analyzed us¬ 
ing an ABI model 3100 genetic analyzer (Applied 
Biosystems). The obtained nucleotide sequences 
were aligned using the ChromasPro ver. 1.34 
software (www.technelysium.com.au/Chro- 
masPro.html) and BioEdit ver. 7.0.9.0 software 
(Hall 1999). 

Intraspecific haplotype network analysis and 
haplotype diversity 

Multiple sequence alignment was performed 
manually. To examine phylogenetic relationships 
among the haplotypes observed in each species, 
intraspecific haplotype networks for the obtained 
sequence data were inferred using median-join¬ 
ing network analysis based on parsimony criteria 
(Bandelt et al. 1999). The analysis was performed 
for combined sequence data using the Network 
4.5.1 software (Fluxus Technology Ltd. at www. 
fluxus-engineering.com). Gaps caused by varia¬ 
tion in the number of mononucleotide repeat units 
were removed from the analysis. In addition, to 
evaluate the amount of intraspecific diversity in 
each species, haplotype (gene) diversity ( h ) (Nei 
1987) was calculated using Arlequin ver. 3.1 soft¬ 
ware (Excoffier et al. 2005). 

Interspecific haplotype network analysis among 
four species of Carpinus 

To check for the possibility of cytoplasmic ex¬ 
changes among the four species of Carpinus , we 
reconstructed phylogenetic relationships among 


the cpDNA haplotypes observed in the four spe¬ 
cies. The plant samples used in the analysis are 
indicated in Appendix 1. Five noncoding regions 
of cpDNA ( rpsl6 , trnG and rpl!6 introns, and 
trnW—trnP and trnL—trnF intergenic regions) 
were analyzed. For DNA extraction, PCR ampli¬ 
fication, and nucleotide sequencing, the same 
method as mentioned above was used. The inter¬ 
specific haplotype network for the obtained se¬ 
quence data was also inferred using median-join¬ 
ing network analysis based on parsimony criteria 
(Bandelt et al. 1999). The analysis was performed 
for combined sequence data using Network 4.5.1 
software (Fluxus Technology Ltd. at www.flux- 
us-engineering.com). All gaps were removed for 
the analysis. 

Results 

Intraspecific cpDNA variation 

The nucleotide sequences of cpDNA noncod¬ 
ing regions, including 439-440 bp sequences of 
trnL-trnF and trnW-trnP intergenic regions 
from Carpinus japonica, and 627-629 bp se¬ 
quences of trnG and rpll6 introns from C. 
tschonoskii, were determined. The aligned se¬ 
quences for polymorphic sites in each species are 
shown in Tables 1 and 2. The sequence data ob¬ 
tained in this analysis have been deposited in the 
DNA database of DDBJ (http://www.ddbj.nig. 
ac.jp) under accession numbers AB532000- 
AB532009 and AB532010-AB532023 for C. ja¬ 
ponica and C. tschonoskii, respectively. We de¬ 
tected cpDNA variations based on nucleotide 
substitutions and mononucleotide repeat length 
variations. The sequences that differed by nucle¬ 
otide substitutions were treated as different DNA 
types (indicated by A, B, C, ...). Those differing 
only by the number of mononucleotide repeats 
were treated as different subtypes of each DNA 
type (indicated by A, A', A", ...). DNA types de¬ 
note relative frequency alphabetically, the A- 
DNA type of each species being the most com¬ 
mon. Similarly, the subtypes denote relative fre¬ 
quency, with the A-subtype being the most com¬ 
mon, and the A'-subtype being the second most. 

In Carpinus japonica, 4 DNA types, one of 
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Table 1. Variable sites of the five aligned sequences of chloroplast DNA of Carpinus japonica 


Haplotype 

Variable positions* 

trnL-trnF intergenic region (272-273 bp) trnW-trnP intergenic region (167 bp) 

Frequency (%) 

4 

229 

257 


92 

A 

36.4 

A 

T 

t 9 


C 

A' 

27.6 

A 

T 

T s 


C 

B 

34.6 

A 

T 

t 8 


T 

C 

0.9 

C 

T 

Tg 


T 

D 

0.5 

A 

C 

t 9 


C 


*Mononucleotide repeats are indicated as a nucleotide followed by the number of repeats. Sequences are numbered 


from the 5' to the 3' end in each region. 


Table 2. Variable sites of the 6 aligned sequences of chloroplast DNA of Carpinus tschonoskii 


Variable positions* 

trnG intron (377-379 bp) rpll6 intron (250 bp) 


Haplotype 

Frequency (%) 

4 

229 

257 

92 

A 

32.0 

A 

Aio 

T 

T 

A' 

28.2 

A 

Aq 

T 

T 

A" 

0.6 

A 

An 

T 

T 

B 

29.8 

A 

Aq 

T 

G 

C 

6.1 

A 

A9 

C 

G 

D 

3.3 

G 

Aq 

T 

G 


*Mononucleotide repeats are indicated as a nucleotide followed by the number of repeats. Sequences are numbered 


from the 5' to the 3' end in each region. 


which had 2 subtypes, were distinguished, and 5 
distinguishable cpDNA haplotypes were recog¬ 
nized in total. Their frequencies were A (36.4%), 
A (27.6%), B (34.6%), C (0.9%), and D (0.5%). In 
C. tschonoskii, 4 DNA types, one of which had 3 
subtypes, respectively, were distinguished, and 6 
distinguishable cpDNA haplotypes were recog¬ 
nized in total. Their frequencies were A (32.0%), 
A (28.2%), A" (0.6%), B (29.8%), C (6.1%), and D 
(3.3%). The phylogenetic relationships among the 
haplotypes in each species are shown in the par¬ 
simony network (Figs. 2 and 3). The values calcu¬ 
lated for haplotype diversity were 0.6746 ± 0.0077 
in C. japonica and 0.7281 ± 0.0120 in C. tschono¬ 
skii. 

Geographic distribution of haplotypes 

The geographic distribution of the cpDNA 


haplotypes in each species are shown in Figs. 4 
and 5. In Carpinus japonica , haplotype A was 
distributed mainly in the Chubu and Kinki re¬ 
gions (population number 4, 5, 13-32, and 35) 
(Fig. 4). Type A' was predominant in the Tohoku 
and Kanto regions (1-12, 18, and 19), and was 
also disjunctly distributed in the narrow area of 
southwestern Japan, the Kii Peninsula and the 
eastern part of Shikoku (35, 41, and 42). Type B 
was widely distributed in southwestern Japan (12, 
26,29, 33, 34, and 36-52). Two haplotypes, C and 
D, were found at only one site each; on Mt. Tsu- 
kuba (5) (in the southern Kanto region), and on 
Mt. Aoba (12) (around Wakasa Bay), respectively. 

In Carpinus tschonoskii, haplotype A oc¬ 
curred in the Kanto, Chubu, and southern part of 
the Tohoku regions (4-9, and 12-21), and one 
population in the Kinki region (31) (Fig. 5). Type 


Nil-Electronic Library Service 


The Japanese Society for Plant Systematics 


6 


Acta Phytotax. Geobot. 


Vol. 61 



Fig. 2. Median-joining (MJ) network of haplotypes of Carpi- 
nus japonica using intergenic regions of trnL-trnF and 
trnW-irnP. Size of circle is proportional to frequency of 
haplotype. 



Fig. 3. Median-joining (MJ) network of haplotypes of Carpi- 
nus tschonoskii using trnG and rpI16 introns. Size of 
circles is proportional to frequency of haplotype. 



Fig. 4. Geographic distribution of chloroplast DNA (cpDNA) haplotypes in Carpinus japonica. Letters with primes indicate a 
haplotype differing from original haplotype only in number of mononucleotide repeats. Colored letters indicate a com¬ 
mon haplotype with a frequency of more than 3%; black letters indicate haplotypes with a frequency of 3% or less. Blue, 
red, and green circles roughly indicate distribution ranges of three major haplotypes A, A', and B, respectively. 
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Fig. 5. Geographic distribution of chloroplast DNA (cpDNA) haplotypes in Carpinus tschonoskii. Letters with primes indicate 
a haplotype differing from original haplotype only in number of mononucleotide repeats. Colored letters indicate a com¬ 
mon haplotype with a frequency of more than 3%; black letters indicate haplotypes with a frequency of 3% or less. Red, 
blue, and green circles roughly indicate distribution ranges of three major haplotypes A, A’, and B, respectively. 


A was predominant in the Kinki region and sur¬ 
rounding areas (Toyama and Gifu prefectures, 
and the eastern part of Shikoku) (10, 11, 19, 21— 
28, 31, 37, and 39). Type B was widely distributed 
in southwestern Japan (11, 25, 29, 30, 32-36, 38, 
and 40-49). Type C was distributed continuously 
from the western part of the Chugoku region to 
the northern part of Kyushu (35, 36, 43-45, and 
47). Type D showed local distribution in the To- 
hoku region (1-3). Type A" was found only at 
Sayaguchi Pass (9). 

Comparison of haplotype distribution patterns 
between the two species o/ Carpinus 

The distribution patterns of the cpDNA hap¬ 


lotypes in each species were highly structured 
geographically (Figs. 4 and 5). Additionally, three 
major different haplotypes in each species oc¬ 
curred in northeastern Japan, central Japan, and 
southwestern Japan, respectively. The first haplo¬ 
type (haplotype A' in Carpinus japonica and type 
A in C. tschonoskii ) were in northeastern Japan 
(roughly corresponding to the Tohoku and Kanto 
regions in C. japonica and in the Tohoku, Kanto 
and Chubu regions in C. tschonoskii). The second 
haplotype (type A in C. japonica and type A in 
C. tschonoskii ) was in central Japan (roughly cor¬ 
responding to the Kinki and Chubu regions in C. 
japonica and the Kinki region and surrounding 
area in C. tschonoskii ). The third haplotype (type 
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B in C.japonica and type B in C. tschonoskii ) oc¬ 
curred in southwestern Japan (roughly corre¬ 
sponding to the Chugoku, Shikoku, and Kyushu 
regions in both C. japonica and C. tschonoskii ). 
Although the limit of distribution of the haplo- 
types was unclear, the range of distribution of the 
haplotypes was similar in the two species of Car- 
pinus. 

Phylogenetic relationship among the cpDNA 
haplotypes of the four species of Carpinus 

The nucleotide sequences of five cpDNA non¬ 
coding regions, a total of 2,000-2,037 bp se¬ 
quence of rpsl6, trnG, and rpll6 introns, and 
trnW—trnP and trnL-trnF intergenic regions, 
were determined for representative samples of 
four species of Carpinus'. C.japonica, C. tschono¬ 
skii, C. cordata, and C. laxiflora. The sequence 
data obtained in this analysis have been deposited 
in the DNA database of DDBJ (http://www.ddbj. 
nig.ac.jp) under accession numbers AB537987- 
AB538006 for C. japonica, AB538007— 
AB538026 for C. tschonoskii, AB538027— 



Fig. 6 . Median-joining (MJ) network of haplotypes of four 
species of Carpinus ( C.japonica, C. tschonoskii, C. cor¬ 
data, and C. laxiflora) using five noncoding regions of 
chloroplast DNA ( rpsl6, trnG, and rpl!6 introns, and 
trnW—trnP and trnL-trnF intergenic regions). 


AB538031 for C. cordata, and AB538032- 
AB538036 for C. laxiflora. The phylogenetic rela¬ 
tionships among the cpDNA haplotypes of the 
four species of Carpinus are shown in the parsi¬ 
mony network (Fig. 6). Most haplotypes of C. ja¬ 
ponica and C. tschonoskii were separately nested 
together. However, the local haplotype C of C. ja¬ 
ponica was nested within the haplotype of C. cor¬ 
data. Haplotypes D of C. tschonoskii were more 
closely related to the haplotypes of C. laxiflora. 

Discussion 

Three phylogeographically distinct areas; the 
northeastern, central, and southwestern regions 
of Japan 

Three major cpDNA haplotypes in each of 
two species of Carpinus, C. japonica and C. 
tschonoskii, occur in three distinctive regions of 
Japan, northeastern, central, and southwestern 
regions of Japan (Figs. 4 and 5), according to the 
results of this study. The distribution patterns of 
the two species are surprisingly similar and simi¬ 
lar to the pattern reported for Fagus japonica, us¬ 
ing nuclear microsatellite markers, by Hiraoka & 
Tomaru (2009). 

Such similarities in phylogeographic patterns 
among different tree species may be due to com¬ 
mon historical factors (Taberlet et al. 1998, 
Hewitt 2004, Soltis et al. 2006). In the two spe¬ 
cies of Carpinus, the three areas were occupied 
by different widespread cpDNA haplotypes. The 
most parsimonious interpretation of our observa¬ 
tions is that each species was confined to at least 
three distinct refugia during the LGM, after 
which the haplotypes expanded to occupy their 
current range of distribution. 

Lack of genetically unique groups ofpopulations 
on the Sea of Japan side of Japan 

Carpinus japonica and C. tschonoskii occur 
mainly along the Pacific Ocean side of Japan and 
occasionally along the Sea of Japan in the Chubu, 
Kinki, and Chugoku regions (Figs. 4 and 5). If 
colonization routes existed after the LGM along 
the Sea of Japan, some major haplotypes might be 
expected to occur in that area. In this study, how- 
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ever, we did not detect any haplotypes that were 
continuously distributed along the Sea of Japan 
side. Similarly, in Fagus japonica, no unique 
groups of populations were reported along the 
Sea of Japan side (Hiraoka & Tomaru 2009). In 
contrast, previous phylogeographic studies of 
some component species of Japanese deciduous 
broad-leaved forests, such as F. crenata (Fujii et 
al. 2002), and Stachyurus praecox (Ohi et al. 
2003), found some major haplotypes to be con¬ 
tinuously distributed only along the Sea of Japan 
side. Such discrepancies might be due to different 
migration histories. The components of the Pacif¬ 
ic-type deciduous broad-leaved forests may have 
expanded not along the Sea of Japan, but expand¬ 
ed from the Pacific Ocean side to the Sea of Japan 
side after the LGM. 

Traces of range expansion during the LGM in 
southwestern Japan 

As mentioned above, southwestern Japan was 
occupied by one major haplotype in each of the 
two species of Carpinus , suggesting that the colo¬ 
nization history of southwestern Japan was inde¬ 
pendent from northeastern and central Japan. In 
the present study, haplotype A' of Carpinus ja¬ 
ponica (Fig. 4; population number 35, 41, and 42) 
was found in the narrow continuous area from the 
Kii Peninsula to the western part of Shikoku and 
haplotype C of C. tschonoskii (Fig. 5; population 
number 35, 36, 43-45, 47, and 49) was found in 
the area from the western part of the Chugoku 
district to northern Kyushu. Since haplotype A' of 
C. japonica is disjunct in northeastern Japan, the 
populations in the narrow continuous area from 
the Kii Peninsula to the western part of Shikoku 
could be due to long seed dispersal from the pop¬ 
ulations in northeastern Japan. Since northeast¬ 
ern Japan and the Kii Peninsula populations are 
300 km or more apart, however, it seems more 
likely that the disjunct populations of haplotype 
A' may have originated from independent refugia 
with the same haplotype. 

Two possible explanations are considered to 
account for local haplotypes shared between 
nearby populations that are separated by a narrow 
sea: (1) the populations originated from the same 
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refugium after the LGM, or (2) the populations 
originated from different refugia, but there is a 
large amount of gene flow between the popula¬ 
tions at present. In southwestern Japan, however, 
species of Carpinus now occur sporadically only 
on mountains at altitudes of over 700 m, making 
the latter possibility seem more unlikely. More¬ 
over, during the LGM, due to lower sea levels (ca. 
100 m below present), Shikoku and Kyushu were 
connected to Honshu, and the continental shelf, 
ca. 20-30 km from the present coastline was 
above sea level around the Japanese archipelago 
(Ohta & Yonekura 1987). In addition, palynologi- 
cal data indicate that in southwestern Japan, most 
of the deciduous broad-leaved trees occurred in 
coastal areas on the Pacific Ocean and Sea of Ja¬ 
pan sides (Kamei & Research Group for the Bio¬ 
geography from Wurm Glacial 1981, Tsukada 
1988). As the climate warmed, they moved to 
higher altitudes (Tsukada 1988, Takahara et al. 
2000). Therefore, hypothesis (1) seems probable 
and the following conclusion can be drawn. The 
sharing of a local haplotype in the narrow con¬ 
tinuous area from the Kii Peninsula to western 
Shikoku and the continuous area from the west¬ 
ern Chugoku region to northern Kyushu may be 
the result of past continuous forests in these ar¬ 
eas. 

Possibility of local hybridization between differ¬ 
ent species of Carpinus 

In Carpinus japonica, we found two individu¬ 
als with local haplotype C at Mt. Tsukuba (popu¬ 
lation number 5) (Fig. 4). The haplotype was not 
similar to other haplotypes of C. japonica, but 
nested within the haplotype of C. cordata (Fig. 
6). In addition, individuals with haplotype C are 
morphologically intermediate between C. corda¬ 
ta and C. japonica (data not shown). Similarly, 
haplotype D, found locally in three populations of 
C. tschonoskii in the Tohoku regions (Fig. 5), is 
more similar to the haplotype of C. laxiflora (Fig. 
6). Those four species of Carpinus often grow to¬ 
gether in deciduous broad-leaved forests in Ja¬ 
pan. Although hybridization between them has 
not been reported, our results suggest the possi¬ 
bility of hybridization between C. japonica and 
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C. cordata, and between C. tschonoskii and C. 
laxiflora. 

Conclusion 

In this study, we found several phylogeo- 
graphic patterns that were common to the two 
Japanese species of Carpinus examined (C. ja- 
ponica and C. tschonoskii). Additionally, our re¬ 
sults agree with those from a previous phylogeo- 
graphic study of Fagus japonica (Hiraoka & To- 
maru 2009), which grows with the species of 
Carpinus in Pacific-type Japanese deciduous 
broad-leaved forests. We therefore theorize that 
at least three distinct refugia on the Japanese ar¬ 
chipelago existed during the LGM. As the cli¬ 
mate warmed, the forests expanded to the north 
or moved to higher altitudes from the three refu¬ 
gia to recolonize northeastern, central, and south¬ 
western Japan. 

We thank Dr. Naoki Nishimura, Dr. Tomoko Fukuda, Dr. 
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ed by Research Project ‘A new cultural and historical ex¬ 
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archipelago’ of the Research Institute for Humanity and 
Nature and Grant-in-Aid for JSPS Fellows 19-5749 (TI). 
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Appendix 1. Geographical information voucher information regarding the plant samples. 


Species 

and site Locality 

number 

Coordinates 

Altitude 

(m) 

Haplotype 

Voucher 

specimen 

number 

Carpinus japonica Blume 

1 Tohoku, Miyagi Pref., Sendai, Sakunami 

38°19'N, 140°38'E 

300 

A' 

10769* 

Tohoku, Miyagi Pref., Sendai, Sakunami 

38°19'N, 140°38'E 

300 

A' 

10769* 

Tohoku, Miyagi Pref., Sendai, Sakunami 

38°19'N, 140°38'E 

300 

A 

10769* 

Tohoku, Miyagi Pref., Sendai, Sakunami 

38°19'N, 140°38'E 

300 

A 

10769* 

2 Tohoku, Miyagi Pref., Marumori, the Matsuzaka Pass 

37°50'N, 140°41'E 

500 

A 

10788* 

Tohoku, Miyagi Pref, Marumori, the Matsuzaka Pass 

37°50'N, 140°4TE 

500 

A 

10788* 

Tohoku, Miyagi Pref., Marumori, the Matsuzaka Pass 

37°50'N, 140°41'E 

500 

A 

10788* 

Tohoku, Miyagi Pref., Marumori, the Matsuzaka Pass 

37°50'N, 140°4TE 

500 

A' 

10788* 

Tohoku, Miyagi Pref., Marumori, the Matsuzaka Pass 

37°50'N, 140°4LE 

500 

A 

10788* 

Tohoku, Miyagi Pref., Marumori, the Matsuzaka Pass 

37°50'N, 140°41'E 

500 

A 

10788* 

Tohoku, Miyagi Pref., Marumori, the Matsuzaka Pass 

37°50'N, 140°4TE 

500 

A 

10788* 


Nil-Electronic Library Service 



The Japanese Society for Plant Systematics 


12 


Acta Phytotax. Geobot. 


Vol. 61 


Species 

and site Locality 

number ___ 

3 Tohoku, Fukushima Pref., Ootama, Amagasawa 
Tohoku, Fukushima Pref., Ootama, Amagasawa 
Tohoku, Fukushima Pref, Ootama, Amagasawa 
Tohoku, Fukushima Pref., Ootama, Amagasawa 

4 Kanto, Ibaraki Pref., Daigo, Mt. Yamizo 
Kanto, Ibaraki Pref., Daigo, Mt. Yamizo 
Kanto, Ibaraki Pref., Daigo, Mt. Yamizo 
Kanto, Ibaraki Pref., Daigo, Mt. Yamizo 

5 Kanto, Ibaraki Pref., Tsukuba, Mt. Tsukuba 
Kanto, Ibaraki Pref., Tsukuba, Mt. Tsukuba 
Kanto, Ibaraki Pref., Tsukuba, Mt. Tsukuba 
Kanto, Ibaraki Pref., Tsukuba, Mt. Tsukuba 
Kanto, Ibaraki Pref., Tsukuba, Mt. Tsukuba 

6 Kanto, Tochigi Pref., Nikko, Mt. Nakimushi 
Kanto, Tochigi Pref., Nikko, Mt. Nakimushi 
Kanto, Tochigi Pref, Nikko, Mt. Nakimushi 
Kanto, Tochigi Pref., Nikko, Mt. Nakimushi 
Kanto, Tochigi Pref., Nikko, Mt. Nakimushi 
Kanto, Tochigi Pref., Nikko, Mt. Nakimushi 
Kanto, Tochigi Pref., Nikko, Mt. Nakimushi 
Kanto, Tochigi Pref, Nikko, Mt. Nakimushi 
Kanto, Tochigi Pref., Nikko, Mt. Nakimushi 

7 Kanto, Tochigi Pref, Nikko, Utagahama 

8 Kanto, Gunma Pref., Niiharu, The Akatanigoe Pass 
Kanto, Gunma Pref., Niiharu, The Akatanigoe Pass 
Kanto, Gunma Pref., Niiharu, The Akatanigoe Pass 
Kanto, Gunma Pref., Niiharu, The Akatanigoe Pass 
Kanto, Gunma Pref., Niiharu, The Akatanigoe Pass 
Kanto, Gunma Pref., Niiharu, The Akatanigoe Pass 
Kanto, Gunma Pref., Niiharu, The Akatanigoe Pass 

9 Kanto, Gunma Pref., Akagi, Mt. Akagi 
Kanto, Gunma Pref., Akagi, Mt. Akagi 
Kanto, Gunma Pref, Akagi, Mt. Akagi 
Kanto, Gunma Pref., Akagi, Mt. Akagi 
Kanto, Gunma Pref., Akagi, Mt. Akagi 

10 Kanto, Tokyo Pref., Hinohara, The Sayaguchi Pass 
Kanto, Tokyo Pref., Hinohara, The Sayaguchi Pass 
Kanto, Tokyo Pref., Hinohara, The Sayaguchi Pass 
Kanto, Tokyo Pref., Hinohara, The Sayaguchi Pass 
Kanto, Tokyo Pref., Hinohara, The Sayaguchi Pass 

11 Hokuriku, Niigata Pref, Yuzawa, Tsuchitaru 
Hokuriku, Niigata Pref., Yuzawa, Tsuchitaru 

12 Hokuriku, Fukui Pref, Takahama, Mt. Aoba 
Hokuriku, Fukui Pref., Takahama, Mt. Aoba 
Hokuriku, Fukui Pref., Takahama, Mt. Aoba 

13 Chubu, Nagano Pref., Otari, Kamaike 

14 Chubu, Nagano Pref., Otari, Kitano 
Chubu, Nagano Pref., Otari, Kitano 
Chubu, Nagano Pref., Otari, Kitano 
Chubu, Nagano Pref, Otari, Kitano 


Coordinates 

Altitude 

(m) 

Haplotype 

Voucher 

specimen 

number 

37°35'N, 140°19'E 

750 

A' 

4982 

37°35'N, 140°19'E 

750 

A' 

4988 

37°35'N, 140°19'E 

750 

A' 

4997 

37°35'N, 140°19'E 

750 

A' 

5026 

36°55'N, 140°16'E 

900 

A 

4931 

36°55'N, 140°16'E 

900 

A 

4938 

36°55'N, 140°16'E 

900 

A' 

4912 

36°55'N, 140°16'E 

900 

A' 

4947 

36°13'N, 140°06'E 

800 

A 

4873 

36°13'N, 140°06'E 

800 

A 

4895 

36°13'N, 140°06'E 

800 

A' 

4908 

36°13'N, 140°06'E 

800 

C 

4875# 

36°13'N, 140°06'E 

800 

C 

4897 

36°44'N, 139°35'E 

900 

A' 

2141 

36°44'N, 139°35'E 

900 

A' 

2169 

36°44'N, 139°35'E 

900 

A' 

2231 

36°44'N, 139°35'E 

900 

A' 

2232 

36°44'N, 139°35'E 

900 

A' 

2341 

36°44'N, 139°35'E 

900 

A' 

2356 

36°44'N, 139°35'E 

900 

A' 

2395 

36°44'N, 139°35'E 

900 

A' 

2398 

36°44'N, 139°35'E 

900 

A' 

2405 

36°44'N, 139°29'E 

1300 

A' 

8749 

36°45'N, 138°54'E 

850 

A' 

8848 

36°45'N, 138°54'E 

850 

A' 

8904 

36°45'N, 138°54'E 

850 

A' 

8910 

36°45'N, 138°54'E 

850 

A' 

8921 

36°45'N, 138°54'E 

850 

A' 

8779 

36°45'N, 138°54'E 

850 

A' 

8781 

36°45'N, 138°54'E 

850 

A' 

8782 

36°31'N, 139°08'E 

1000 

A' 

4802 

36°3LN, 139°08'E 

1000 

A' 

4832 

36°3FN, 139°08'E 

1000 

A' 

4837 

36°31'N, 139°08'E 

1000 

A' 

4838 

36°31'N, 139°08'E 

1000 

A' 

4842 

35°44'N, 139°0LE 

1200 

A' 

4756 

35°44'N, 139°0FE 

1200 

A' 

4777 

35°44'N, 139°01'E 

1200 

A' 

4782 

35°44'N, 139°01'E 

1200 

A' 

4760 

35°44'N, 139°01'E 

1200 

A' 

4790 

36°52'N, 138°52'E 

600 

A' 

9033 

36°52'N, 138°52'E 

600 

A' 

9036 

35°30'N, 135°29'E 

650 

B 

4021 

35°30'N, 135°29'E 

650 

B 

4020 

35°30'N,135°29'E 

650 

D 

4023# 

36°52'N, 137°58'E 

1150 

A 

5652 

36°49'N, 137°53'E 

700 

A 

9150 

36°49'N, 137°53'E 

700 

A 

9156 

36°49'N, 137°53'E 

700 

A 

9164 

36°49'N,137°53'E 

700 

A 

9166 
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Species 

and site Locality 

number 

Coordinates 

Altitude 

(m) 

Haplotype 

Voucher 

specimen 

number 

Chubu, Nagano Pref., Otari, Kitano 

36°49'N, 137°53'E 

700 

A 

9206 

15 Chubu, Nagano Pref., Kourni, Inako 

36°02'N,138°26'E 

1150 

A 

4584 

Chubu, Nagano Pref., Koumi, Inako 

36°02'N, 138°26'E 

1150 

A 

4596 

Chubu, Nagano Pref., Koumi, Inako 

36°02'N,138°26'E 

1150 

A 

4602 

Chubu, Nagano Pref., Koumi, Inako 

36°02'N,138°26'E 

1150 

A 

4607 

Chubu, Nagano Pref, Koumi, Inako 

36°02'N,138°26'E 

1150 

A 

4593 

16 Chubu, Nagano Pref, Omachi, Mt. Koguma 

36°33'N, 137°49'E 

1150 

A 

9073 

Chubu, Nagano Pref., Omachi, Mt. Koguma 

36°33'N, 137°49'E 

1150 

A 

9078 

Chubu, Nagano Pref, Omachi, Mt. Koguma 

36°33'N, 137°49'E 

1150 

A 

9080 

Chubu, Nagano Pref., Omachi, Mt. Koguma 

36°33'N, 137°49'E 

1150 

A 

9083 

Chubu, Nagano Pref., Omachi, Mt. Koguma 

36°33'N, 137°49'E 

1150 

A 

9094 

17 Chubu, Yamanashi Pref., Hokuto, Kiyosato 

35°53'N, 138°26'E 

1100 

A 

4632 

18 Chubu, Yamanashi Pref., Kamikuisiki, Motosu, Mt. 
Ryugatake 

35°27'N, 138°35'E 

1100 

A 

4650 

Chubu, Yamanashi Pref., Kamikuisiki, Motosu, Mt. 
Ryugatake 

35°27'N, 138°35'E 

1100 

A' 

4698 

Chubu, Yamanashi Pref., Kamikuisiki, Motosu, Mt. 
Ryugatake 

35°27'N,138°35'E 

1100 

A' 

4648 

19 Chubu, Shizuoka Pref, Kawadu, Mt. Amagi 

34°50'N,138°57'E 

1150 

A 

4706# 

Chubu, Shizuoka Pref., Kawadu, Mt. Amagi 

34°50'N, 138°57'E 

1150 

A 

4726 

Chubu, Shizuoka Pref., Kawadu, Mt. Amagi 

34°50'N,138°57'E 

1150 

A 

4729 

Chubu, Shizuoka Pref., Kawadu, Mt. Amagi 

34°50'N,138°57'E 

1150 

A' 

4737 

20 Chubu, Nagano Pref., Ohtaki, Hyougase 

35°48'N, 137°30'E 

1200 

A 

4542 

Chubu, Nagano Pref., Ohtaki, Hyougase 

35°48'N, 137°30'E 

1200 

A 

4544 

Chubu, Nagano Pref, Ohtaki, Hyougase 

35°48'N, 137°30'E 

1200 

A 

4555 

21 Chubu, Gifu Pref., Shirakawa, Shiramizunotaki 

36°08 r N, 136°49'E 

1150 

A 

5603 

Chubu, Gifu Pref., Shirakawa, Shiramizunotaki 

36°08'N, 136°49'E 

1150 

A 

5610 

Chubu, Gifu Pref., Shirakawa, Shiramizunotaki 

36°08'N, 136°49'E 

1150 

A 

5615 

Chubu, Gifu Pref., Shirakawa, Shiramizunotaki 

36°08'N, 136°49'E 

1150 

A 

5625 

Chubu, Gifu Pref., Shirakawa, Shiramizunotaki 

36°08'N, 136°49'E 

1150 

A 

5629 

22 Chubu, Nagano Pref., Urugi, Mt. Chausu 

35°13'N, 137°39'E 

1250 

A 

4471 

Chubu, Nagano Pref., Urugi, Mt. Chausu 

35°13'N, 137°39'E 

1250 

A 

4491 

Chubu, Nagano Pref., Urugi, Mt. Chausu 

35°13'N,137°39'E 

1250 

A 

4497 

Chubu, Nagano Pref., Urugi, Mt. Chausu 

35°13'N, 137°39'E 

1250 

A 

4512 

Chubu, Nagano Pref., Urugi, Mt. Chausu 

35°13'N,137°39'E 

1250 

A 

4519 

Chubu, Nagano Pref., Urugi, Mt. Chausu 

35°13'N, 137°39'E 

1250 

A 

4520 

23 Chubu, Gifu Pref., Hachiman, Miyama 

35°44'N, 136°59'E 

600 

A 

5578 

Chubu, Gifu Pref., Hachiman, Miyama 

35°44'N, 136°59'E 

600 

A 

5586 

24 Kinki, Shiga Pref., Yogo, Mt. Yokoyamadake 

35°36'N, 136°15'E 

1050 

A 

4068 

Kinki, Shiga Pref., Yogo, Mt. Yokoyamadake 

35°36'N, 136°15'E 

1050 

A 

4069 

Kinki, Shiga Pref., Yogo, Mt. Yokoyamadake 

35°36'N, 136°15'E 

1050 

A 

4070 

Kinki, Shiga Pref., Yogo, Mt. Yokoyamadake 

35°36'N, 136°15'E 

1050 

A 

4071 

Kinki, Shiga Pref., Yogo, Mt. Yokoyamadake 

35°36'N, 136°15'E 

1050 

A 

4072 

Kinki, Shiga Pref., Yogo, Mt. Yokoyamadake 

35°36'N, 136°15'E 

1050 

A 

4074 

Kinki, Shiga Pref., Yogo, Mt. Yokoyamadake 

35°36'N, 136°15'E 

1050 

A 

4076 

Kinki, Shiga Pref., Yogo, Mt. Yokoyamadake 

35°36'N, 136°15'E 

1050 

A 

4077 

Kinki, Shiga Pref., Yogo, Mt. Yokoyamadake 

35°36'N, 136°15'E 

1050 

A 

4173 

Kinki, Shiga Pref., Yogo, Mt. Yokoyamadake 

35°36'N, 136°15'E 

1050 

A 

4174 

Kinki, Shiga Pref., Yogo, Mt. Yokoyamadake 

35°36'N, 136°15'E 

1050 

A 

4175 

Kinki, Shiga Pref., Yogo, Mt. Yokoyamadake 

35°36'N, 136°15'E 

1050 

A 

4176 
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Kinki, Shiga Pref., Yogo, Mt. Yokoyamadake 
Kinki, Shiga Pref., Yogo, Mt. Yokoyamadake 
Kinki, Shiga Pref., Yogo, Mt. Yokoyamadake 

25 Kinki, Shiga Pref., Yohkaichi, Mt. Watamuke 
Kinki, Shiga Pref., Yohkaichi, Mt. Watamuke 
Kinki, Shiga Pref., Yohkaichi, Mt. Watamuke 
Kinki, Shiga Pref, Yohkaichi, Mt. Watamuke 
Kinki, Shiga Pref, Yohkaichi, Mt. Watamuke 
Kinki, Shiga Pref, Yohkaichi, Mt. Watamuke 
Kinki, Shiga Pref., Yohkaichi, Mt. Watamuke 
Kinki, Shiga Pref, Yohkaichi, Mt. Watamuke 

26 Kinki, Kyoto Pref, Yasaka, Mt. Taiko 
Kinki, Kyoto Pref., Yasaka, Mt. Taiko 

27 Kinki, Kyoto Pref, Kita-ku, Kumogahata, 

the Mochikoshi Pass 

Kinki, Kyoto Pref, Kita-ku, Kumogahata, 
the Mochikoshi Pass 

28 Kinki, Kyoto Pref, Ukyo-ku, Umegahata 

29 Kinki, Kyoto Pref., Fukuchiyama, Mt. Ooe 
Kinki, Kyoto Pref, Fukuchiyama, Mt. Ooe 
Kinki, Kyoto Pref., Fukuchiyama, Mt. Ooe 
Kinki, Kyoto Pref., Fukuchiyama, Mt. Ooe 
Kinki, Kyoto Pref., Fukuchiyama, Mt. Ooe 
Kinki, Kyoto Pref, Fukuchiyama, Mt. Ooe 
Kinki, Kyoto Pref, Fukuchiyama, Mt. Ooe 
Kinki, Kyoto Pref., Fukuchiyama, Mt. Ooe 

30 Kinki, Nara Pref., Kawakami, Shionoha 
Kinki, Nara Pref, Kawakami, Shionoha 
Kinki, Nara Pref., Kawakami, Shionoha 
Kinki, Nara Pref, Kawakami, Shionoha 
Kinki, Nara Pref, Kawakami, Shionoha 

31 Kinki, Nara Pref, Kamikitayama, Mt. Wasamata 

32 Kinki, Nara Pref., Gose, Mt. Kongo 
Kinki, Nara Pref., Gose, Mt. Kongo 

33 Kinki, FTyogo Pref, Sekinomiya, Mt. Flachibuse 

34 Kinki, Hyogo Pref, lchinomiya, Mt. Fujinashi 
Kinki, Hyogo Pref., lchinomiya, Mt. Fujinashi 
Kinki, Hyogo Pref., lchinomiya, Mt. Fujinashi 
Kinki, Hyogo Pref, lchinomiya, Mt. Fujinashi 
Kinki, Hyogo Pref, lchinomiya, Mt. Fujinashi 
Kinki, Hyogo Pref, lchinomiya, Mt. Fujinashi 
Kinki, Hyogo Pref, lchinomiya, Mt. Fujinashi 
Kinki, Hyogo Pref, lchinomiya, Mt. Fujinashi 
Kinki, Hyogo Pref, lchinomiya, Mt. Fujinashi 
Kinki, Hyogo Pref, lchinomiya, Mt. Fujinashi 

35 Kinki, Nara Pref., Totsukawa, Mt. Obakodake 
Kinki, Nara Pref., Totsukawa, Mt. Obakodake 
Kinki, Nara Pref, Totsukawa, Mt. Obakodake 
Kinki, Nara Pref., Totsukawa, Mt. Obakodake 

36 Chugoku, Okayama Pref., Shinjyo, Nodorodawa 


Coordinates 

Altitude 

(m) 

Haplotype 

Voucher 

specimen 

number 

35°36'N, 136°15'E 

1050 

A 

4177 

35°36'N, 136°15'E 

1050 

A 

4073 

35°36'N, 136°15'E 

1050 

A 

4075 

35°01'N, 136°20'E 

1050 

A 

3682 

35°01'N, 136°20'E 

1050 

A 

3730 

35°01'N, 136°20'E 

1050 

A 

3731 

35°0LN, 136°20'E 

1050 

A 

3741 

35°0FN, 136°20'E 

1050 

A 

3755 

35°01'N, 136°20'E 

1050 

A 

3760 

35 o 01'N, 136 C 20'E 

1050 

A 

3771 

35°0FN, 136°20'E 

1050 

A 

3726 

35°41'N, 135°12'E 

650 

A 

3950 

35°41'N, 135°12'E 

650 

B 

3951 

35°06'N, 135°42'E 

400 

A 

4230 

35°06'N, 135°42'E 

400 

A 

4231 

35°03'N, 136°4FE 

400 

A 

4227 

35°27'N, 135°06'E 

800 

A 

3868 

35°27'N,135°06'E 

800 

B 

3834 

35°27'N, 135°06'E 

800 

B 

3867 

35°27'N,135°06'E 

800 

B 

3869 

35°27'N,135°06'E 

800 

B 

3872 

35°27'N,135°06'E 

800 

B 

3874 

35°27'N, 135°06'E 

800 

B 

3875 

35°27'N,135°06'E 

800 

B 

3871 

34°13'N, 136°05'E 

500 

A 

8476 

34°13'N, 136°05'E 

500 

A 

8477 

34°13'N, 136°05'E 

500 

A 

8478 

34°13'N, 136°05'E 

500 

A 

8479 

34°13'N, 136°05'E 

500 

A 

8482 

34°13'N, 135°59'E 

1000 

A 

5520 

34°25'N, 135°40'E 

1000 

A 

5504 

34°25'N, 135°40'E 

1000 

A 

5510 

35°23'N, 134°32'E 

1000 

B 

5739 

35°16'N, 134°35'E 

900 

B 

3541 

35°16'N, 134°35'E 

900 

B 

3543 

35°16'N, 134°35'E 

900 

B 

3546 

35°16'N, 134°35'E 

900 

B 

3640 

35°16'N, 134°35'E 

900 

B 

3642 

35°16'N, 134°35'E 

900 

B 

3659 

35°16'N, 134°35'E 

900 

B 

3542 

35°16'N, 134°35'E 

900 

B 

3556 

35°16'N, 134°35'E 

900 

B 

3615 

35°16'N, 134°35'E 

900 

B 

3620 

34°04'N, 135°38'E 

1250 

A 

8558 

34°04'N,135°38'E 

1250 

A 

8563 

34°04'N,135°38'E 

1250 

A' 

8559 

34°04'N,135°38'E 

1250 

A' 

8565 

35°14'N,133°34'E 

900 

B 

5753 
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Species 

and site Locality 

number 

Coordinates 

Altitude 

(m) 

Haplotype 

Voucher 

specimen 

number 

Chugoku, Okayama Pref., Shinjyo, Nodorodawa 

35°14'N, 133°34'E 

900 

B 

5755 

37 Chugoku, Okayama Pref., Shinjyo, Mt. Kenashi 

35°14'N, 133°30'E 

1200 

B 

7782 

Chugoku, Okayama Pref., Shinjyo, Mt. Kenashi 

35°14'N, 133°30'E 

1200 

B 

7802 

Chugoku, Okayama Pref., Shinjyo, Mt. Kenashi 

35°14'N, 133°30'E 

1200 

B 

7844 

Chugoku, Okayama Pref., Shinjyo, Mt. Kenashi 

35°14'N, 133°30'E 

1200 

B 

7865 

Chugoku, Okayama Pref., Shinjyo, Mt. Kenashi 

35°14'N, 133°30'E 

1200 

B 

7909 

38 Chugoku, Hiroshima Pref., Toyohira, Mt. Ryuuzu 

34°39'N, 132°25'E 

900 

B 

5784 

Chugoku, Hiroshima Pref., Toyohira, Mt. Ryuuzu 

34°39'N, 132°25'E 

900 

B 

5788 

39 Chugoku, Hiroshima Pref., Geihoku, Mt. Garyuu 

34°4TN, 132°1TE 

1050 

B 

5799 

Chugoku, Hiroshima Pref., Geihoku, Mt. Garyuu 

34°4TN, 132°11'E 

1050 

B 

5821 

Chugoku, Hiroshima Pref., Geihoku, Mt. Garyuu 

34°4TN, 132°1TE 

1050 

B 

5825 

Chugoku, Hiroshima Pref., Geihoku, Mt. Garyuu 

34°41'N, 132°11'E 

1050 

B 

5839 

Chugoku, Hiroshima Pref., Geihoku, Mt. Garyuu 

34°41'N, 132°11'E 

1050 

B 

5846 

40 Chugoku, Yamaguchi Pref., Kano, Mt. Nagano 

34°16'N, 131°52'E 

1000 

B 

8191 

Chugoku, Yamaguchi Pref., Kano, Mt. Nagano 

34°16'N, 131°52'E 

1000 

B 

8225 

41 Shikoku, Kagawa Pref., Shionoe, Mt. Ohtaki 

34°07'N, 134°07'E 

950 

A' 

4258 

Shikoku, Kagawa Pref., Shionoe, Mt. Ohtaki 

34°07'N,134°07'E 

950 

A' 

4259 

Shikoku, Kagawa Pref., Shionoe, Mt. Ohtaki 

34°07'N, 134°07'E 

950 

A' 

4261 

Shikoku, Kagawa Pref., Shionoe, Mt. Ohtaki 

34°07'N, 134°07'E 

950 

A' 

4263 

Shikoku, Kagawa Pref., Shionoe, Mt. Ohtaki 

34°07'N, 134°07'E 

950 

A' 

4264 

Shikoku, Kagawa Pref., Shionoe, Mt. Ohtaki 

34°07'N,134°07'E 

950 

B 

4262 

42 Shikoku, Kochi Pref., Monobe, Mt. Shiraga 

33°48'N, 133°58'E 

1000 

A' 

4424 

Shikoku, Kochi Pref., Monobe, Mt. Shiraga 

33°48'N, 133°58'E 

1000 

A' 

4425 

Shikoku, Kochi Pref., Monobe, Mt. Shiraga 

33°48'N, 133°58'E 

1000 

A' 

4431 

Shikoku, Kochi Pref., Monobe, Mt. Shiraga 

33°48'N, 133°58'E 

1000 

B 

4428# 

43 Shikoku, Kochi Pref., Hongawa, Mt. Kanpuu 

33°48'N, 133°15'E 

1400 

B 

4312 

Shikoku, Kochi Pref., Hongawa, Mt. Kanpuu 

33°48'N, 133°15'E 

1400 

B 

4313 

Shikoku, Kochi Pref., Hongawa, Mt. Kanpuu 

33°48'N, 133°15'E 

1400 

B 

4314 

Shikoku, Kochi Pref., Hongawa, Mt. Kanpuu 

33°48'N, 133°15'E 

1400 

B 

4315 

Shikoku, Kochi Pref., Hongawa, Mt. Kanpuu 

33°48'N, 133°15T 

1400 

B 

4316 

Shikoku, Kochi Pref., Hongawa, Mt. Kanpuu 

33°48'N, 133°15'E 

1400 

B 

4317 

Shikoku, Kochi Pref., Hongawa, Mt. Kanpuu 

33°48'N, 133°15'E 

1400 

B 

4318 

44 Shikoku, Ehime Pref., Omogo, Koami 

33°44'N, 133°00'E 

750 

B 

4356 

45 Shikoku, Ehime Pref., Shigenobu, Mt. Saragamine 

33°43'N, 132°53'E 

1100 

B 

4377 

Shikoku, Ehime Pref., Shigenobu, Mt. Saragamine 

33°43'N, 132°53'E 

1100 

B 

4379 

Shikoku, Ehime Pref., Shigenobu, Mt. Saragamine 

33°43'N, 132°53'E 

1100 

B 

4380 

Shikoku, Ehime Pref., Shigenobu, Mt. Saragamine 

33°43'N, 132°53'E 

1100 

B 

4381 

Shikoku, Ehime Pref., Shigenobu, Mt. Saragamine 

33°43'N, 132°53'E 

1100 

B 

4382 

46 Shikoku, Kochi Pref., Higashitsuno, Mt. Irazu 

33°26'N, 133°03'E 

1300 

B 

373 

Shikoku, Kochi Pref., Higashitsuno, Mt. Irazu 

33°26'N, 133°03'E 

1300 

B 

391 

Shikoku, Kochi Pref., Higashitsuno, Mt. Irazu 

33°26'N,133°03'E 

1300 

B 

458 

Shikoku, Kochi Pref., Higashitsuno, Mt. Irazu 

33°26'N,133°03'E 

1300 

B 

487 

Shikoku, Kochi Pref., Higashitsuno, Mt. Irazu 

33°26'N, 133°03'E 

1300 

B 

516 

Shikoku, Kochi Pref., Higashitsuno, Mt. Irazu 

33°26'N, 133°03'E 

1300 

B 

519 

Shikoku, Kochi Pref., Higashitsuno, Mt. Irazu 

33°26'N,133°03'E 

1300 

B 

535 

Shikoku, Kochi Pref., Higashitsuno, Mt. Irazu 

33°26'N, 133°03'E 

1300 

B 

536 

Shikoku, Kochi Pref., Higashitsuno, Mt. Irazu 

33°26'N, 133°03'E 

1300 

B 

537 

47 Kyushu, Oita Pref., Takeda, Bogaturu 

33°07'N, 131°15'E 

1100 

B 

6288 

Kyushu, Oita Pref., Takeda, Bogaturu 

33°07'N, 131°15'E 

1100 

B 

6347 

Kyushu, Oita Pref., Takeda, Bogaturu 

33°07'N, 131°15'E 

1100 

B 

6353 
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number 

Kyushu, Oita Pref., Takeda, Bogaturu 

33°07'N, I3I°15'E 

1100 

B 

6434 

48 Kyushu, Fukuoka Pref., Soeda, Mt. Hiko 

33°28'N,130°55'E 

1000 

B 

5897 

Kyushu, Fukuoka Pref., Soeda, Mt. Hiko 

33°28'N, 130°55'E 

1000 

B 

5904 

49 Kyushu, Oita Pref., Takeda, Mt. Sobo 

32°50'N, 131°20'E 

900 

B 

7591 

Kyushu, Oita Pref, Takeda, Mt. Sobo 

32°50'N, 131°20'E 

900 

B 

7623 

50 Kyushu, Fukuoka Pref, Hukuoka, Mt. Sehuri 

33°26'N,130°22'E 

1000 

B 

5853 

Kyushu, Fukuoka Pref., Hukuoka, Mt. Sehuri 

33°26'N,130°22'E 

1000 

B 

5866 

51 Kyushu, Miyazaki Pref, Shiiba, The Ookouchi Pass 

32°23'N, 131 0 11' E 

1100 

B 

7522 

Kyushu, Miyazaki Pref, Shiiba, The Ookouchi Pass 

32°23'N, 131°11'E 

1100 

B 

7541 

52 Kyushu, Kagoshima Pref, Miyanojyo, Mt. Shibi 

31°58'N, 130°22'E 

1050 

B 

7209 

Kyushu, Kagoshima Pref., Miyanojyo, Mt. Shibi 

31°58'N,130°22'E 

1050 

B 

7207 

Carpinus tschonoskii Maxim. 





1 Tohoku, Iwate Pref., Murone, Mt. Murone 

38°58'N, 141°27'E 

600 

D 

5123 

Tohoku, Iwate Pref, Murone, Mt. Murone 

38°58'N, 141°27'E 

600 

D 

5125 

2 Tohoku, Miyagi Pref., Kitakami, Mt. Okinakura 

38°36'N, 141°23'E 

500 

D 

5097# 

Tohoku, Miyagi Pref., Kitakami, Mt. Okinakura 

38°36'N, 141°23'E 

500 

D 

5103 

3 Tohoku, Miyagi Pref., Kurikoma, Yanagisawa 

38°54'N, 140°51'E 

450 

D 

5143 

Tohoku, Miyagi Pref., Kurikoma, Yanagisawa 

38°54'N,140°51'E 

450 

D 

5144 

4 Tohoku, Miyagi Pref., Marumori, the Matsuzaka Pass 

37°50'N, 140°41'E 

500 

A 

10790* 

Tohoku, Miyagi Pref., Marumori, the Matsuzaka Pass 

37°50'N, 140°4FE 

500 

A 

10790* 

Tohoku, Miyagi Pref., Marumori, the Matsuzaka Pass 

37°50'N, 140°41'E 

500 

A 

10790* 

Tohoku, Miyagi Pref., Marumori, the Matsuzaka Pass 

37°50'N, 140°41'E 

500 

A 

10790* 

Tohoku, Miyagi Pref., Marumori, the Matsuzaka Pass 

37°50'N, 140 o 4FE 

500 

A 

10790* 

5 Kanto, Ibaraki Pref., Daigo, Mt. Yamizo 

36°55'N, 140°16'E 

900 

A 

4911 

Kanto, Ibaraki Pref, Daigo, Mt. Yamizo 

36°55'N, 140°16'E 

900 

A 

4923 

Kanto, Ibaraki Pref, Daigo, Mt. Yamizo 

36°55'N, 140°16'E 

900 

A 

4925 

Kanto, Ibaraki Pref., Daigo, Mt. Yamizo 

36°55'N, 140°16'E 

900 

A 

4929 

Kanto, Ibaraki Pref., Daigo, Mt. Yamizo 

36°55'N, 140°16'E 

900 

A 

4933 

Kanto, Ibaraki Pref., Daigo, Mt. Yamizo 

36°55'N, 140°16'E 

900 

A 

4939 

Kanto, Ibaraki Pref., Daigo, Mt. Yamizo 

36°55'N, 140°16'E 

900 

A 

4953 

6 Kanto, Tochigi Pref, Kuriyama, Mt. Katsurou 

36°55'N, 139°40'E 

1100 

A 

9554* 

Kanto, Tochigi Pref., Kuriyama, Mt. Katsurou 

36°55'N, 139°40'E 

1100 

A 

9554* 

Kanto, Tochigi Pref., Kuriyama, Mt. Katsurou 

36°55'N, 139°40'E 

1100 

A 

9554* 

Kanto, Tochigi Pref., Kuriyama, Mt. Katsurou 

36°55'N,139°40'E 

1100 

A 

9554* 

7 Kanto, Ibaraki Pref., Tsukuba, Mt. Tsukuba 

36°13'N,140°06'E 

800 

A 

4874 

Kanto, Ibaraki Pref., Tsukuba, Mt. Tsukuba 

36°13'N, 140°06'E 

800 

A 

4877 

Kanto, Ibaraki Pref., Tsukuba, Mt. Tsukuba 

36°13'N, 140°06'E 

800 

A 

4882 

Kanto, Ibaraki Pref., Tsukuba, Mt. Tsukuba 

36°13'N,140°06'E 

800 

A 

4888 

Kanto, Ibaraki Pref., Tsukuba, Mt. Tsukuba 

36°13'N, 140°06'E 

800 

A 

4894 

Kanto, Ibaraki Pref., Tsukuba, Mt. Tsukuba 

36°13'N,140°06'E 

800 

A 

4898 

8 Kanto, Gunma Pref., Akagi, Mt. Akagi 

36°31'N, 139°08'E 

1000 

A 

4805 

Kanto, Gunma Pref., Akagi, Mt. Akagi 

36°31'N, 139°08'E 

1000 

A 

4816 

Kanto, Gunma Pref, Akagi, Mt. Akagi 

36°3LN, 139°08'E 

1000 

A 

4831 

9 Kanto, Tokyo Pref, Hinohara, The Sayaguchi Pass 

35°44'N, 139°01'E 

1200 

A 

4744 

Kanto, Tokyo Pref., Hinohara, The Sayaguchi Pass 

35°44'N, 139°0FE 

1200 

A 

4751 

Kanto, Tokyo Pref., Hinohara, The Sayaguchi Pass 

35°44'N, 139°01'E 

1200 

A" 

4789 

10 Hokuriku, Toyama Pref., Namerikawa, Tofukiji 

36°43'N, 137°24'E 

200 

A' 

10460* 

Hokuriku, Toyama Pref., Namerikawa, Tofukiji 

36°43'N, 137°24'E 

200 

A' 

10460* 

Hokuriku, Toyama Pref., Namerikawa, Tofukiji 

36°43'N, 137°24'E 

200 

A' 

10460* 
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Hokuriku, Toyama Pref., Namerikawa, Tofukiji 

11 Hokuriku, Fukui Pref., Takahama, Mt. Aoba 
Hokuriku, Fukui Pref., Takahama, Mt. Aoba 
Hokuriku, Fukui Pref, Takahama, Mt. Aoba 
Hokuriku, Fukui Pref, Takahama, Mt. Aoba 
Hokuriku, Fukui Pref, Takahama, Mt. Aoba 

12 Chubu, Yamanashi Pref., Hokuto, along the Shiozawa 

River 

Chubu, Yamanashi Pref., Hokuto, along the Shiozawa 
River 

Chubu, Yamanashi Pref., Hokuto, along the Shiozawa 
River 

Chubu, Yamanashi Pref., Hokuto, along the Shiozawa 
River 

13 Chubu, Yamanashi Pref., Kamikuisiki, Motosu, Mt. 

Ryugatake 

Chubu, Yamanashi Pref., Kamikuisiki, Motosu, Mt. 
Ryugatake 

Chubu, Yamanashi Pref., Kamikuisiki, Motosu, Mt. 
Ryugatake 

Chubu, Yamanashi Pref., Kamikuisiki, Motosu, Mt. 
Ryugatake 

Chubu, Yamanashi Pref., Kamikuisiki, Motosu, Mt. 
Ryugatake 

14 Chubu, Shizuoka Pref., Kawadu, Mt. Amagi 
Chubu, Shizuoka Pref., Kawadu, Mt. Amagi 
Chubu, Shizuoka Pref., Kawadu, Mt. Amagi 
Chubu, Shizuoka Pref., Kawadu, Mt. Amagi 

15 Chubu, Nagano Pref., Kiso, the Torii Pass 
Chubu, Nagano Pref., Kiso, the Torii Pass 

16 Chubu, Nagano Pref., Ohtaki, Hyougase 
Chubu, Nagano Pref., Ohtaki, Hyougase 

17 Chubu, Gifu Pref., Nakatsugawa, Mt. Tengumori 
Chubu, Gifu Pref., Nakatsugawa, Mt. Tengumori 
Chubu, Gifu Pref., Nakatsugawa, Mt. Tengumori 

18 Chubu, Nagano Pref., Urugi, Mt. Chausu 
Chubu, Nagano Pref., Urugi, Mt. Chausu 
Chubu, Nagano Pref., Urugi, Mt. Chausu 
Chubu, Nagano Pref., Urugi, Mt. Chausu 
Chubu, Nagano Pref., Urugi, Mt. Chausu 

19 Chubu, Gifu Pref., Seki, along the Itadori River 
Chubu, Gifu Pref., Seki, along the Itadori River 
Chubu, Gifu Pref., Seki, along the Itadori River 

20 Kinki, Shiga Pref., Yogo, Mt. Yokoyamadake 
Kinki, Shiga Pref., Yogo, Mt. Yokoyamadake 

21 Kinki, Shiga Pref., Yohkaichi, Mt. Watamuke 
Kinki, Shiga Pref., Yohkaichi, Mt. Watamuke 
Kinki, Shiga Pref., Yohkaichi, Mt. Watamuke 
Kinki, Shiga Pref., Yohkaichi, Mt. Watamuke 
Kinki, Shiga Pref., Yohkaichi, Mt. Watamuke 
Kinki, Shiga Pref., Yohkaichi, Mt. Watamuke 
Kinki, Shiga Pref., Yohkaichi, Mt. Watamuke 


Coordinates 

Altitude 

(m) 

Haplotype 

Voucher 

specimen 

number 

36°43'N, 

137°24'E 

200 

A' 

10460* 

35°30'N, 

135°29'E 

650 

A' 

4011 

35°30'N, 

135°29'E 

650 

A' 

4012 

35°30'N, 

135°29'E 

650 

A' 

4014 

35°30'N, 

135°29'E 

650 

B 

4010 

35°30'N, 

135°29'E 

650 

B 

4013 

35°51'N, 

138°15'E 

1100 

A 

10034 

35°51'N, 

138°15'E 

1100 

A 

10036 

35°51'N, 

138°15'E 

1100 

A 

10030 

35°5FN, 

138°15"E 

1100 

A 

10035 

35°27'N, 

138°35'E 

1100 

A 

4652 

35°27'N, 

138°35'E 

1100 

A 

4658 

35°27'N, 

138°35'E 

1100 

A 

4659 

35°27'N, 

138°35'E 

1100 

A 

4663 

35°27'N, 

138°35'E 

1100 

A 

4668 

u> 

o 

C/l 

o 

z 

138°57'E 

1150 

A 

4711# 

34°50'N, 

138°57'E 

1150 

A 

4720 

34°50'N, 

138°57'E 

1150 

A 

4725 

34°50'N, 

138°57'E 

1150 

A 

4738 

35°57'N, 

137°47'E 

1200 

A 

9858 

35°57'N, 

137°47'E 

1200 

A 

9859 

35°48'N, 

137°30'E 

1200 

A 

4532 

35°48'N, 

137°30'E 

1200 

A 

4564 

35°24'N, 

137°31'E 

1200 

A 

9719* 

35°24'N, 

137°31'E 

1200 

A 

9719* 

35°24'N, 

137°31'E 

1200 

A 

9719* 

35°13'N, 

137°39'E 

1250 

A 

4451 

35°13'N, 

137°39'E 

1250 

A 

4483 

35°13'N, 

137°39'E 

1250 

A 

4494 

35°13'N, 

137°39'E 

1250 

A 

4502 

35°13'N, 

137°39'E 

1250 

A 

4511 

35°44'N, 

136°45'E 

400 

A 

10358* 

35°44'N, 

136°45'E 

400 

A' 

10358* 

35°44'N, 

136°45'E 

400 

A' 

10358* 

35°36'N, 

136°15'E 

1050 

A 

4067 

35°36'N, 

136°15'E 

1050 

A 

4178 

35°0FN, 

136°20'E 

1050 

A 

3684 

35°01'N, 

136°20'E 

1050 

A 

3752 

35°01'N, 

136°20'E 

1050 

A 

3683 

35°0FN, 

136°20'E 

1050 

A 

3717 

35°01'N, 

136°20'E 

1050 

A 

3740 

35°01'N, 

136°20'E 

1050 

A 

3746 

35°01'N, 

136°20'E 

1050 

A 

3747 
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Species 

and site Locality 

number ___ 

Kinki, Shiga Pref., Yohkaichi, Mt. Watamuke 
Kinki, Shiga Pref., Yohkaichi, Mt. Watamuke 
Kinki, Shiga Pref., Yohkaichi, Mt. Watamuke 
Kinki, Shiga Pref., Yohkaichi, Mt. Watamuke 

22 Kinki, Kyoto, Ine, Rokumanbu 

23 Kinki, Kyoto Pref, Yasaka, Mt. Taiko 
Kinki, Kyoto Pref, Yasaka, Mt. Taiko 
Kinki, Kyoto Pref., Yasaka, Mt. Taiko 
Kinki, Kyoto Pref, Yasaka, Mt. Taiko 
Kinki, Kyoto Pref., Yasaka, Mt. Taiko 
Kinki, Kyoto Pref., Yasaka, Mt. Taiko 
Kinki, Kyoto Pref., Yasaka, Mt. Taiko 

24 Kinki, Kyoto, Kyoto, Ukyo-ku, Umegahata 

25 Kinki, Kyoto Pref., Fukuchiyama, Mt. Ooe 
Kinki, Kyoto Pref, Fukuchiyama, Mt. Ooe 
Kinki, Kyoto Pref, Fukuchiyama, Mt. Ooe 
Kinki, Kyoto Pref., Fukuchiyama, Mt. Ooe 
Kinki, Kyoto Pref, Fukuchiyama, Mt. Ooe 
Kinki, Kyoto Pref., Fukuchiyama, Mt. Ooe 
Kinki, Kyoto Pref., Fukuchiyama, Mt. Ooe 
Kinki, Kyoto Pref., Fukuchiyama, Mt. Ooe 

26 Kinki, Nara Pref., Kawakami, Shionoha 
Kinki, Nara Pref., Kawakami, Shionoha 
Kinki, Nara Pref., Kawakami, Shionoha 

27 Kinki, Nara Pref., Kamikitayama, Mt. Wasamata 
Kinki, Nara Pref., Kamikitayama, Mt. Wasamata 
Kinki, Nara Pref., Kamikitayama, Mt. Wasamata 
Kinki, Nara Pref., Kamikitayama, Mt. Wasamata 

28 Kinki, Nara Pref., Gose, Mt. Kongo 

29 Kinki, Flyogo Pref., Sekinomiya, Mt. Hachibuse 

30 Kinki, Flyogo Pref., Ichinomiya, Mt. Fujinashi 
Kinki, Hyogo Pref., Ichinomiya, Mt. Fujinashi 
Kinki, Hyogo Pref., Ichinomiya, Mt. Fujinashi 
Kinki, Hyogo Pref., Ichinomiya, Mt. Fujinashi 
Kinki, Hyogo Pref, Ichinomiya, Mt. Fujinashi 
Kinki, Hyogo Pref, Ichinomiya, Mt. Fujinashi 
Kinki, Hyogo Pref., Ichinomiya, Mt. Fujinashi 
Kinki, Hyogo Pref., Ichinomiya, Mt. Fujinashi 
Kinki, Hyogo Pref., Ichinomiya, Mt. Fujinashi 
Kinki, Hyogo Pref., Ichinomiya, Mt. Fujinashi 

31 Kinki, Nara Pref., Totsukawa, Mt. Obakodake 
Kinki, Nara Pref., Totsukawa, Mt. Obakodake 
Kinki, Nara Pref., Totsukawa, Mt. Obakodake 
Kinki, Nara Pref., Totsukawa, Mt. Obakodake 

32 Chugoku, Okayama Pref., Shinjyo, Nodorodawa 

33 Chugoku, Okayama Pref., Shinjyo, Mt. Kenashi 
Chugoku, Okayama Pref., Shinjyo, Mt. Kenashi 
Chugoku, Okayama Pref., Shinjyo, Mt. Kenashi 

34 Chugoku, Hiroshima Pref., Toyohira, Mt. Ryuuzu 
Chugoku, Hiroshima Pref, Toyohira, Mt. Ryuuzu 


Coordinates 

Altitude TT . 

(m) Haplotype 

Voucher 

specimen 

number 

35°0TN, 

136°20'E 

1050 

A' 

3753 

35°01'N, 

136°20'E 

1050 

A' 

3759 

35°01'N, 

136°20'E 

1050 

A' 

3722 

35°0FN, 

136°20'E 

1050 

A' 

3735 

35°42'N, 

135°16'E 

100 

A' 

3991 

35°41'N, 

135°12'E 

650 

A' 

3937 

35°4LN, 

135°12'E 

650 

A' 

3938 

35°41'N, 

135°12'E 

650 

A' 

3939 

35°4TN, 

135°12'E 

650 

A' 

3940 

35°4TN, 

135°12'E 

650 

A' 

3941 

35°4EN, 

135°12'E 

650 

A' 

3942 

35°41'N, 

135°12'E 

650 

A' 

3947 

35°03'N, 

136°4EE 

400 

A' 

4226 

35°27'N, 

135°06'E 

800 

A' 

3829 

35°27'N, 

135°06'E 

800 

A' 

3830 

35°27'N, 

135°06'E 

800 

A' 

3831 

35°27'N, 

135°06 r E 

800 

A' 

3832 

35°27'N, 

135°06'E 

800 

A' 

3835 

35°27'N, 

135°06'E 

800 

A' 

3880 

35°27'N, 

135°06'E 

800 

A' 

3882 

35°27'N, 

135°06'E 

800 

B 

3881 

34°13'N, 

136°05'E 

500 

A' 

8468 

34°13'N, 

136°05'E 

500 

A' 

8475 

34°13'N, 

136°05'E 

500 

A' 

8481 

34°13'N, 

135°59'E 

1000 

A' 

5513 

34°13'N, 

135°59'E 

1000 

A' 

5514 

34°13'N, 

135°59'E 

1000 

A' 

5531 

34°13'N, 

135°59'E 

1000 

A' 

5534 

34°25'N, 

135°40'E 

1000 

A r 

5493 

35°23'N, 

134°32'E 

1000 

B 

5741 

35°16'N, 

134°35'E 

900 

B 

3545 

35°16'N, 

134°35'E 

900 

B 

3559 

35°16'N, 

134°35'E 

900 

B 

3616 

35°16'N, 

134°35'E 

900 

B 

3617 

35°16'N, 

134°35'E 

900 

B 

3632 

35°16'N, 

134°35'E 

900 

B 

3633 

35°16 r N, 

134°35'E 

900 

B 

3641 

35°16'N, 

134°35'E 

900 

B 

3643 

35°16'N, 

134°35'E 

900 

B 

3515 

35°16'N, 

134°35'E 

900 

B 

3530 

34°04'N, 

135°38'E 

1250 

A 

8544 

34°04'N, 

135°38'E 

1250 

A' 

8531 

34°04'N, 

135°38'E 

1250 

A' 

8540 

34°04'N, 

135°38'E 

1250 

A' 

8548 

35°14'N, 

133°34'E 

900 

B 

5759 

35°14TSf, 

133°30'E 

1200 

B 

7887 

35°14'N, 

133°30'E 

1200 

B 

7910 

35°14'N, 

133°30'E 

1200 

B 

7882 

34°39'N, 

132°25'E 

900 

B 

5786 

34°39'N, 

132°25'E 

900 

B 

5789 
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Species 

and site Locality 

number 

Coordinates 

Altitude 

(m) 

Haplotype 

Voucher 

specimen 

number 

Chugoku, Hiroshima Pref., Toyohira, Mt. Ryuuzu 

34°39'N,132°25'E 

900 

B 

5792 

Chugoku, Hiroshima Pref., Toyohira, Mt. Ryuuzu 

34°39'N, 132°25'E 

900 

B 

5793 

35 Chugoku, Hiroshima Pref., Geihoku, Mt. Garyuu 

34°41'N, 132°11'E 

1050 

B 

5818 

Chugoku, Hiroshima Pref, Geihoku, Mt. Garyuu 

34°41'N, 132°11'E 

1050 

B 

5830 

Chugoku, Hiroshima Pref, Geihoku, Mt. Garyuu 

34°41'N, 132°11'E 

1050 

B 

5835 

Chugoku, Hiroshima Pref, Geihoku, Mt. Garyuu 

34°41'N, 132°11'E 

1050 

C 

5801 

Chugoku, Hiroshima Pref, Geihoku, Mt. Garyuu 

34°4LN, 132°11'E 

1050 

C 

5817# 

Chugoku, Hiroshima Pref, Geihoku, Mt. Garyuu 

34°41'N, 132°11'E 

1050 

C 

5838 

36 Chugoku, Yamaguchi Pref, Kano, Mt. Nagano 

34°16'N, 131°52'E 

1000 

B 

8242 

Chugoku, Yamaguchi Pref., Kano, Mt. Nagano 

34°16'N, 131°52'E 

1000 

B 

8277 

Chugoku, Yamaguchi Pref., Kano, Mt. Nagano 

34°16'N, 131°52'E 

1000 

B 

8286 

37 Shikoku, Kagawa Pref, Shionoe, Mt. Ohtaki 

34°07'N, 134°07'E 

950 

A' 

4254 

Shikoku, Kagawa Pref, Shionoe, Mt. Ohtaki 

34°07'N, 134°07'E 

950 

A' 

4255 

Shikoku, Kagawa Pref, Shionoe, Mt. Ohtaki 

34°07'N,134°07'E 

950 

A' 

4256 

Shikoku, Kagawa Pref., Shionoe, Mt. Ohtaki 

34°07'N, 134°07'E 

950 

A' 

4253 

Shikoku, Kagawa Pref, Shionoe, Mt. Ohtaki 

34°07'N, 134°07'E 

950 

A' 

4260 

38 Shikoku, Tokushima Pref., Mima, Mt. Ryuuou 

34°06'N, 134°02'E 

1000 

B 

4306 

39 Shikoku, Kochi Pref, Monobe, Mt. Shiraga 

33°48'N, 133°58'E 

1000 

A 

4432 

40 Shikoku, Kochi Pref., Hongawa, Mt. Kanpuu 

33°48'N,133°15'E 

1400 

B 

4333 

41 Shikoku, Ehime Pref., Shigenobu, Mt. Saragamine 

33°43'N, 132°53'E 

1100 

B 

4383 

Shikoku, Ehime Pref., Shigenobu, Mt. Saragamine 

33°43'N, 132°53'E 

1100 

B 

4385 

Shikoku, Ehime Pref., Shigenobu, Mt. Saragamine 

33°43'N, 132°53'E 

1100 

B 

4386 

Shikoku, Ehime Pref., Shigenobu, Mt. Saragamine 

33°43'N, 132°53'E 

1100 

B 

4394 

Shikoku, Ehime Pref., Shigenobu, Mt. Saragamine 

33°43'N,132°53'E 

1100 

B 

4384 

42 Shikoku, Kochi Pref, Higashitsuno, Mt. Irazu 

33°26'N, 133°03'E 

1300 

B 

492 

Shikoku, Kochi Pref., Higashitsuno, Mt. Irazu 

33°26'N, 133 C 03'E 

1300 

B 

496 

43 Kyushu, Oita Pref, Takeda, Bogaturu 

33°07'N, 131°15'E 

1100 

B 

6272 

Kyushu, Oita Pref., Takeda, Bogaturu 

33°07'N, 131°15'E 

1100 

B 

6282 

Kyushu, Oita Pref., Takeda, Bogaturu 

33°07'N, 131°15'E 

1100 

B 

6278 

Kyushu, Oita Pref., Takeda, Bogaturu 

33°07'N, 131°15'E 

1100 

B 

6339 

Kyushu, Oita Pref., Takeda, Bogaturu 

33°07'N, 131°15'E 

1100 

C 

6402 

44 Kyushu, Fukuoka Pref., Soeda, Mt. Hiko 

33°28'N, 130°55'E 

1000 

B 

5896# 

Kyushu, Fukuoka Pref., Soeda, Mt. Hiko 

33°28'N, 130°55'E 

1000 

B 

5921 

Kyushu, Fukuoka Pref., Soeda, Mt. Hiko 

33°28'N, 130°55'E 

1000 

C 

5919 

Kyushu, Fukuoka Pref., Soeda, Mt. Hiko 

33°28'N, 130°55'E 

1000 

C 

5929 

45 Kyushu, Fukuoka Pref., Hukuoka, Mt. Sehuri 

33°26'N,130°22'E 

1000 

B 

5879 

Kyushu, Fukuoka Pref., Hukuoka, Mt. Sehuri 

33°26'N,130°22'E 

1000 

C 

5854 

Kyushu, Fukuoka Pref., Hukuoka, Mt. Sehuri 

33°26'N, 130°22'E 

1000 

C 

5868 

Kyushu, Fukuoka Pref., Hukuoka, Mt. Sehuri 

33°26'N,130°22'E 

1000 

c 

5881 

Kyushu, Fukuoka Pref., Hukuoka, Mt. Sehuri 

33°26'N, 130°22'E 

1000 

c 

5884 

46 Kyushu, Miyazaki Pref., Shiiba, The Ookouchi Pass 

32°23'N, 131°11'E 

1100 

B 

7521 

47 Kyushu, Kumamoto Pref, Izumi, Momiki 

32°30'N,130°58'E 

850 

B 

6785 

Kyushu, Kumamoto Pref., Izumi, Momiki 

32°30'N, 130°58'E 

850 

B 

6822 

Kyushu, Kumamoto Pref., Izumi, Momiki 

32°30'N, 130°58'E 

850 

B 

6867 

Kyushu, Kumamoto Pref., Izumi, Momiki 

32°30'N, 130°58'E 

850 

B 

6890 

Kyushu, Kumamoto Pref., Izumi, Momiki 

32°30'N, 130°58'E 

850 

C 

6760 

48 Kyushu, Kumamoto Pref., Mizukami, Mt. Ichihusa 

32°18'N,131°05'E 

1550 

B 

5991 

49 Kyushu, Kagoshima Pref., Miyanojyo, Mt. Shibi 

31°58'N,130°22'E 

1050 

B 

7124 

Kyushu, Kagoshima Pref., Miyanojyo, Mt. Shibi 

31°58'N,130°22'E 

1050 

B 

7098 

Kyushu, Kagoshima Pref, Miyanojyo, Mt. Shibi 

31°58'N,130°22'E 

1050 

B 

7182 
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Species 
and site 
number 

Locality 

Coordinates 

Altitude 

(m) 

Elaplotype 

Voucher 

specimen 

number 


Kyushu, Kagoshima Pref., Miyanojyo, Mt. Shibi 

31°58TSr, 130°22'E 

1050 

B 

7178 

Carpinus 

cordata Blume 






Tohoku, Aomori Pref., Towadako, along the Ouse 
River 

40°33'N, 140°56'E 

500 


2012# 

Carpinus laxiflora (Siebold & Zucc.) Blume 

Kinki, Nara Pref., Kurotaki, Mt. Yosuniwa 

34°19'N, 135°54'E 

1150 


8631# 


All samples and voucher specimens were collected by T. Iwasaki. #DNA samples were used for interspecific haplotype network analysis 
among four Carpinus species. *Only one voucher was collected for several samples. 
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